Introduction

43
Faba bean (Vicia faba L.) is one of the oldest crops in the world and has a high content of good-quality However, the use of faba bean in food applications is restricted due to the presence of anti-nutritional by hydrogen bonds or steric interactions, which aid the gluten network and increase gas retention (Ross, 97 McMaster, David Tomlinson, & Cheetham, 1992) . Furthermore, the high Mw dextrans retard the 98 formation of amylopectin crystallites and thus delay bread staling (Zhang et al., 2018) . In contrast,
99
dextran with a lower Mw has been shown to decrease the water absorption and bread loaf volume, which 100 has been suggested to interfere with optimal gluten network formation (Ross et al., 1992 
146
The acidity (pH and TTA) of the sourdough samples was determined as the amount of 0.1 M NaOH 147 required to adjust the end pH of 10 g samples in 100 ml Milli-Q water to 8.5, as described elsewhere to 300 s -1 and back to 2 s -1 . The measurements were done in triplicate. 
Analysis of dextran in sourdough 165
The dextran formed in the sourdoughs was extracted with an enzyme-assisted method according to 
Baking procedure
174
The recipes for wheat breads (WB), faba bean-wheat composite breads without sourdough (FWB), faba 175 bean-sourdough composite breads (FSB) and chemically acidified composite breads (CAB) are described 176 in Table 1 . Breads without sourdough (WB, FWB and CAB) were used as controls. Wheat flour substituted with faba bean flour at a level of 30% w/w (=43% faba bean sourdough) was used in bread 178 making. The substitution level (30%) of faba bean flour was determined based on calculation (nutritional 179 composition) to obtain a 20% protein content of the total energy value (Table 2 and 
194
The specific volume of the bread was calculated by dividing the loaf volume (mL) by the weight (g).
195
Texture Profile Analysis (TPA) of bread crumbs was done with a texture analyzer (TA, TA-XT2i, Stable
196
Micro Systems Ltd., UK) using a 25-mm diameter aluminum probe on days 1 and 4 of storage as 
Measuring of pH and TTA in bread crumb
201
For determining the acidity of the bread, the crust of the slice was removed and the crumb (10 g) was
202
homogenized with 5 ml of acetone and 95 ml of Milli-Q water using a Bamix blender. The PH and TTA
203
of the suspension were measured as described above. 
SMS/Kieffer dough and gluten extensibility rig
214
For extensibility measurement, the doughs were mixed to optimal dough development for 6 min in the 
Results
243
Growth, pH and TTA of sourdoughs and bread crumb 244
The initial cell count of total mesophilic bacteria and lactic acid bacteria in all sourdoughs was 245 approximately 10 6 cfu/g (Table 4 ). After 24 h of fermentation, the cell densities of presumptive lactic 
Dextran formation and its effect on sourdough viscosity
274
The viscosity was analyzed to show the influence of dextran and acid production on the rheological 275 properties of the sourdoughs (Figure 1 ). All the sourdoughs displayed a shear thinning behavior. 
Dough mixing properties and large deformation dough rheology by Kieffer extensibility rig
Substitution of wheat with 30% faba bean flour generated a significant decrease in dough consistency 289 and water absorption (WA) compared to 100% wheat flour (Table 6 ). Chemical acidification of the faba 290 bean flour led to a slight increase in consistency and WA compared to the FWB control, but it was still 291 significantly lower than the wheat control. Fermentation of faba bean with the selected strains 292 compensated for the negative effect. Regardless of the strain used, doughs prepared with EPS-negative 293 sourdoughs showed consistency and WA similar to wheat control doughs. For dextran-enriched 294 sourdoughs, a significantly higher dough consistency and WA was observed compared to the wheat 295 control doughs.
296
In the Kieffer extensibility analysis, substitution of wheat flour with faba bean flour with or without 297 sourdough fermentation led to a significant decrease of R max (maximum resistance to extension) and 298 correspondingly a notable reduction of A tot (total area) for all doughs ( 
Fundamental rheology
The viscoelastic properties of the doughs were evaluated using oscillatory measurements to assess the 312 microstructural changes occurring due to the substitution of wheat with faba bean flour and the influence 313 of acidification and dextran enrichment. All samples exhibited a higher elastic modulus (G') than viscous 314 modulus (G''), indicating that all the doughs had a solid, elastic-like behavior (data not shown). Generally,
315
FW control doughs had a significantly lower G' than the other doughs (Figure 2A 
Bread quality
331
The effect of dextran formation on bread quality is summarized in Table 7 . The amount of baking loss in 
Discussion
352
Faba bean is rich in proteins and bioactive compounds but has not been extensively utilized in bakery 353 products due to the presence of ANF and poor textural/sensory quality. Fermentation of faba bean flour 354 with the simultaneous production of dextran is a potential option to compensate for the quality losses.
355
The in situ produced dextran essentially acting as hydrocolloid, improves the technological properties of 
365
The content of dextran synthesized in situ by the lactic acid bacteria starters was 3.6-5.2% (flour basis) 366 in the sourdough and consequently the final breads contained 1.1-1.6% dextran (flour basis), which was The lactic acid bacteria was found to be the dominate group at the end of fermentation, which indicates 377 a low presence of other spontaneous microbial groups (Coda et al., 2017a) . Based on the sugar analysis, 378 glucose released from sucrose was completely utilized by both strains, mainly for dextran production. In Fundamental rheological measurements (oscillation test) and empirical measurements using a large 388 deformation Kieffer extension test were used to evaluate the viscoelastic properties of the bread dough.
389
The elastic component of a material is measured as the storage modulus (G'). The ratio between the 390 viscous and elastic modulus is the tangent of the phase angle (δ). The larger the phase angle, the more 391 viscous the material. Substitution of wheat flour with faba bean flour significantly reduced the dough 392 elasticity (decreased G' and increased δ at low frequency). This may be attributed to the reduced wheat-393 gluten content and increased fiber content of faba bean flour which hinders gluten network formation.
394
Inclusion of faba bean sourdough significantly changed the bread dough rheology, resulting in an 395 increased elastic component (G') and more viscous dough (increased δ) compared to the FW control. Table 4 . Number of total bacteria and lactic acid bacteria (log cfu/g), acidity (pH and TTA) of faba bean sourdoughs before and after fermentation for 24 h, and bread crumb.
Different letters in the same column indicate statistical significance (p<0.05). 
